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Electroreduction of PLFS” on a dropping mercury electrode. ,
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: Expermenta" prcof ef the nffecu of ohmc potentla_L drop in-
the ‘tulk of solution on the limiting current of the electro-
reauct1on of anions., Zhur, fiz, khim. 38 no.3:782-~-783 Mr: 64,
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1. Nosknvskly gosudars t.venny'y univelaltet imenl M.V, Lomonosova; ’
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RIBAKOV, B,N.; NIKCLAYEVA<FEDOROVICH, N.V.; ZHUTAYEVA, G,V.

Redqctian,kinetics of the 5 0 ° anicn on a rotati g lead g

electrode, Zhur, fiz. khim. 38 n0,2:500~503 F 64, S
; ' o (MIRA 17:8)

1. Moskovskiy gosudarstvennyy universitet imsni Lomenosova. '
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S o v . o B108/8147
AUTEORG:  Kusznetsov, V, V., Bybakov, B. M.
CTITLE: . Effect of hydrogen-absorptlon catalysts on :the hydrogen

overvoltage on nlckel in sulfuric acid

PERIODICAL: Referativanyy zhurnal, Khlmlya, no. 2%, 1961, 70, abstract
. 2355507("Izv Yestestvennonauphn, un~-ta pri Permsk, un- te"
v, 14, no. 4, 1960 13 - 18) -

TEXT; The effectsof addltlons of A8203 (3. 3 - 132 mg/llter) and SeO VX

(5 - 125 mg/liter) on the hydrosen overvoltn#ebp at i = 6:107 =5 1. 10 aﬁm
‘and on the staticnary ootentlal iy of a Ni Llcc£rodu in an 0.1 R U? 4 e

" have been studied.  The sample of fgectroocoplcally pure fii sheets was

- annealed for 30 m1n in vadéuo at 900 C, then polished, degreased in a
2 N NaOH at 57_— 70° C, and riused vlth dlstllled water. A320 addltlon-_
shifte _ toward the positive side and ;ncreaseslbw The curves ("(logl))

o

S Lnvd 1/?
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31960
’ ' 0/081/61/000/023/010/061
uwffect of nydroren- absorptlon catalysts on... B108/B147

exhibit two domalns; ‘the slope is steseper at low values of i than at hlgh
oues.: SeO affects;ys and Y] in ‘the same way as’ A52 3,,but the effects

are not -ulte as strong. The results are explained by a deceleration of
the recombination of H- (adsorptlon) ow1ng to molecular precipitation of.
As and 3e on the electrode, [:Abstracter s note: Complete translaylon,J

*Ebafd_2/2
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RYBAXOV, B, N., NIKOLAYEVA-FEDOROVICH N. V
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Reduction of the: MnOZ on-a mercury—dropping elec ode.v Dokl. S
AN SSSR 151 no.5t 1135-1138 Ag 63, 7 : (MIRA 16 9)

1., MoskOVSkiy gosudarstvennyy universitet im, M.V Lomonosova.
Predstavleno ‘akademikom A.N.Frumkinym,

(Permanganates) (Reduction, Electrolytic)
(Electrodes, Dropping mercury) '
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. BRILL', 0,D.; PANKRATOV, V.M,; RUDAKOV, V.Po3 _RYBAKOV, B.V.

Cross aect.ions of the reactions (4, n)lh‘ and D(d, n)Ho3
in the 3 = 19 Mev.: deuteron energy rangeo Aton energ. 16
no.2:141-143 F 64, . } (MmA 17: 3)
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SUBJECT USSR / PHYSICS _ CARD 1 /2 . 'pa - 1606
AUTHOR ) BOGDANOV,G.F., KUEASHOV,A.A.,'RYBAKOV,B.V., SIDOROYV, V.4
SPITLE The Jeasurements of Fast Neutron Spectra by pime-of-Flight
: ~ Hethods. ' , _ : '
PERIODICAL = Atomnaje Energijs, 1, fasce 1, 66-82 (1956)
' - Issued: 3 ] 1956 - : .
eutrons can be used up to

ds for~measﬁring,:a$t n

ime of flight measuren ‘neutrons domot

yhereas the usual metho
2 - 3 MeV at the most, t
:,go,beyond 1 keV. , _
Modern scintillation counters hav
make it possible, by using 2 puls

9 gec in the case of a

ents for ‘slow

wer: in time of 10—9 se§_gﬁdi?E_T_‘
urce which furnishes im—,'f‘*’-i“
9 sec, to’measurg_upat§<__:E

e a resolving Ppo
ating neutron 8o
period'of-112.1o‘

which, besides,
which can be =~

pulses of 5.10°
‘some 10 MeV. . ,
‘The scintillation counter was connected with 8 coincidence,deviqe

frequency of the cyclotron,

_received jmpulses from the excitation
delayed ad.libe, so that everyztime’of £1ight could be measured. o T "
there follow dats concerning the gime Tesolving !
taﬁion’of'

- After some constructional’details _

‘capacity which is equal to that of the coincidence device and the du

the primary impulse. calibration was carried out by the,bombardmentvdf;a T ZT .

" ‘gample with probons. The calibration curve shows two.maxima'ét'theiend and at
the beginning of the energy,domain; the fdrmer'Originates,from radiation’

. ~caused by.the‘reaction of protons with Zr, the latter was caused by”thevreaction
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Atomnaja Energija, 1, fasc. 1, 66-82 (1956) CARD 2 /2 ~ PA - 1606
T (p,n) He . Energy resolving power is connected with the length of flight.

IZL!M!

and with energy as follows: v ( _.'If the period of the 1mnulséi5
: m sec) YE(UeV) -

T is (112 msec) and if the response threshold of the counter is V, the condi-

tion for a maximum L can be written down as follows: R

‘ 72Lm~ V'1/2 T + 720 E 1/2.‘ This means that the slowest neutrons must arrive:?i
before the slowest of the next momentum. Maximum resolving power. of the’ spectro—fi
" meter at energies of from 3 - 15 MeV. is 10-24% An increase of the response - -
threshold reduces this value. The degree of efficiency.of the scintillation
counter attains several % at 2 - 20 MeV. For the determination of the spectral
sensitivity. callbratlon measurements were taken and a curve was given.

'vThe main difficulties of this work were connected w1th the instabillty of the
phase of the cyclotron. :

- INSTITUTION:
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. Atomnaja Energija, 1, fasc.5, 142-148 (1956) CARD 2 /2 “PA - 1731

,sh 11 model, BRUECKNER'S theory (BETHE), neutrons and nuclear structure, "re-
pu151on" of nuclear levels, etc. v S

S II) Capture Reactions and Photonuclear Reactions: The following reports were,';.,
- among others, made: Reactions of the type (x,)), where x denotes neutron, pro-
ton, or a-particle; rotation levels of light nuclei, absorption mechanism of -
electromagnetic radiation by the nucleus, theory of photonuclear reactlons,
radlatlon capture of protons, angular- and -energy dlstrlhutlon of photoneutrons,z»-
ete. : :
III) Stripping- and "Capture" Reactlons The reactions (d,p) and (d, n) at a
deuteron energy of up to 20 HeV, ‘neutron spectra on the occasion of the bombard-;,'
‘ment of light nuclei by 14-MeV deuterons, relative probab111ties of strlpping -

' processes and of the creation of a composed nucleus, theory of direct. interac- . :

~ tion, interaction of fast deuterons with nuclei, the present stage of (n,p) and -
(pyp) scattering (SEGRE), elastic scattering of 188 MeV electrons by various

© . nuclei, etc. . e

“IV) Reactions under the Effect of Heegx}lons and Fission Processes- Rad10-¢~“41-j
chemical investigations of reactions with accelerated C- and N-ions, theoretical
work carried out at LOS ALAMOS on nuclear fission, excitation curves of the

238 ana 232,

symmetric and asymmetrlc photofissxon of'U
" gap width, etc. ’

- INSTITUTION:

’ energy dependence of )
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Category : USSR/Ra:iicphysioe - Application of Radiophysical Methods . . I-12

~ Abs Jour : Ref Zhur - Fizika, o 2,:1957, Mo L6ok -

- Author : Rybskov, B.V, - : )
~Title Co:-sfructi‘u of Appm:atus frr the Compe.rlson of Code Pulses with Pto—
tection Aga.inst False upefati ":s, ard Iavesti@,tinn of the 0pe1a+ion of

such Apps ratus .

~ Orig Pub ; Radiotekhnika,‘19s6, 11, No 7, 26-38

Abstract Descriptiac, ef the prmcipJ.e for the cnmatruction of electronic appara.tus
' for the cemparison of code pulses, basid on a nevwly-developed arti-
coincidence circuit with prntect.iou against false operatione. The ap-
paratus makes it psssible to campare code’ pulses a.rriving from the out- .
put of varisus kinds of memgry units or coders. The amalysis of the
operatién of the apparatus makes it ‘possible’ t0 ‘calculate the basic - S
pa.ra.meters of the circuit rFq_uirﬂd to ‘meet speciﬁed operating conditions. R

-

card 11
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USSR/Nuclear Physics - Structure and Properties of Nuclei ' k ’ .C-4‘

- Abst. Journsl : Referat Zhur - Fizih. No 12, 1956, 33990

Author : .BOgda.n‘ovr'G:' F-in vlas‘o;‘v',uvn', 'Av'j' Kﬁlinin, S. P-, R’blkOVr B- V.;: .
Sidorov, V. A. . R ' T

Institution: None IR S : : EERE
- Title: Spectra o! Neutrons Bombarded with T and D Deuterons with-
’ Energies of 14 Mev :

Original - S : R o -
Purlodlcnl; Zh. oksporlu. i toor. fiziki, 1956, '30,v No 1,  185-187

To check the existlng experimental  data on-the existcnce of an ffffi R
excited state of approximately 2 Mev in the Het ‘nucleus, . spectrl;f'f"'
. were studied of neutrons produced by the T(d n) He‘ and <. D(d, n) -
o Hed reactions with the neutrons escaping at ‘an angle of 0o B
! relative.to: the beam of the deuterons “The’ bel- of the 14 Mev S
deuterons was. focused ‘with the aid of a magnetic prism at a dis-
tance of 12 B from the cyclotron 'here a thin trltiul-zirconiun
or a gas deuteriu- target vas placed The energy of the neutrons

-Card 1/3
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) USSR/Nuclear Physics - Structure and Properties of Nuclei R c-4
Abst Journll : Roteret Ahur - Pizika .\’o 12 1956, 33990

* was measured fro- the tlle 1t took the- to cover the dlstance L
from -the target to the counter, the latter being a- photo-ulti-ig
plier with a solid solution of: terphenyl in polystyrol acting
as a- phosphor. The neutron source was operating under pulse :
conditions based on’ the ‘natural modulation of ‘the cyclotron ben-
The pulses. from the counter went to a ger-anxul-diode coincxdence
circuit. Ppulses, synchronized with the lcceleratxng voltage of .
the cyclotron were applied to the Ssecond leg:of the’ coincidence .

-.circuit. * The time resolutlon of this: spectro.eter (vidth of
gamma 11ne at: half the altitude) a-ounted to 7 lfLseconds

~The spectrum of the neutrons from the - T(d n) met dl i
D(d, n)He3 reactions . displayed not only- the maxima corresponding
to the formation of the ‘He? and  Re3 nuciei in ‘their funda- =
mental states but also w1de groups ‘of slower neutrons with an
average ‘of energy of '8 Mev. ' For the T + d reaction’ this ener'y
) corresponds to an excitation energy of finite nucleue of ap- .-
proxinately 22 lev However the sinilarity of the spectra In

Card 2/3
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USSR/Nuclear Physics: ~ Structure and Properties of Nuclei

Ablt Journal - Retertt zhur - Pizikn ~No 12 ‘1956 33990

the case of both reactions is indication in’ favor of the nssulp-‘
tion that the second ‘groups of neutrons are Iorled faster by a H;
 break—up of the deuteron . th32 by the usulﬁ relction with a tor-.~rlr
tion of a finite nucleus He> ‘and -He . 'in excited state. o
Notice is taken of the large ‘'value of the cross section for thei
formation of the neutrons of the second groups This a-ounts OIS o
to 300 millxbarns/steradian for’ .the case of the T +.d reaction,v;f~,
and 100 mill1barns/steradian for the case of the D+ d° relction.‘"'

a3/
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SUBJECT USSR / PHYSICS ' ‘ CARD i /2 ~ PA - 1394
AUTHOR BOGDANOV, G.F., VLASOV, N.A., KALININ, S.P., RYBAKOV, B.V., = .
L : SIDOROV, V.A. S S i RO
TITLE . The Spectra of Neutrons produced on-the occasion- of the Bombard-
ment of Light Nuclei by 14 MeV Deuterons. : :
PERIODICAL  Zurn.eksp.i teor.fis, 30, fasc.5, 981-983 (1956)
S Issued: 8 / 1956  reviewed: 10 / 1956 -

In order to become fully acquainted with the production mechanism.of neutrons’ or

~ the occasion of the bombardment of tritium and deuterium by 14 MeV deutercns pre- -

© vious measurements'(G.F,BOGDAﬂovigt al, Zurn.eksp.i teor.fis,30; 185 (1956)) -were - :
continued with targets of other light elements (gaseous elements of H, He’, Het ag

well as solid elements of Li,Be,B,C and Cu), The neutrons were analyzed cn the 0o

~basis of the time of passage through the stretch between target and counter = . -

(2,85 m). The construction of the gaseous and liquid targets is described. The -~ . .
data obtained by averaging over a number of series of measurements are shown in.
diagrams. The acuity of the device: makes it possible to discover individual o
levels of the nucleus created by reaction only on the occasion of the bomba:dmént.‘

- -of the isotopes of hydrogen and helium; in all other cases spectra musi be con- .-

. tinuous. The spectrum of the neutrons and their production cross section do not

- change steadily with the number of the nucleons in the.nucleus, : e
In the case of a high pbsitive_thermal.effect Q of the reaction the uppes» limits .-

of the spectra are higher than the maximum energy of the neutron which is pro- . .

duced on the occasion of the fission of the deuteron without modification of ‘the

APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7"
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_ i/urn‘.eksnni teor.fis, 30,fasc.5, 981-983 '(1956) CARD 2 / 2 . PA - 1394 |

* bombarded nucleus. Consequently, the state of the nucleus produced by the re- »
“action exercises essential influence upon the neutron specirum under 1nvest1gn-Lj 

. tion, A comparison btetween the production_cross sections and spectra ¢f mneutrens .-

‘:correspondlng to the reactions T+d and He”+d ‘confirms the existence of an »xs-'“ ‘
cited state of He' with the excitation energy ~ 22 MeV, and is indicative. of. *h;_:ff

. fact that no similar state exists in the case of the Li" nucleus. H4 and L14

" probably do not exist in a state that is similar to the excited state of Hed.
~-This confirms. the assumption that the isotopic spin of the excited He4~stato» »
"~ with 22 MeV is equal %o zero..Next, the neutron spectrum nroduced on the occasion
“of the ‘bombardment of He™ is discussed in short. On the occasion of this (d n)-*e~>
~“action an L15 nucleus is produced; for which, apart from the ground sta%z, a: .. "
‘second state with an energy surpassing that of the ground state by 2;5 MeV was.j»f
hitherto assumed to exist. However, in the neutron spectrum of the reaction H&4+d

© no excited state of Li? could be found.

- ‘Furthermore, the production cross sections of the neutron; emitted in the dircctlan'
of 0° towards the deuteron bundle were estimated for various targets. In the r'asu'
‘of all investigated light elements with the exception of tritium this cross. section
is. ~ 50 mb/sterad per nucleon of the nucleus, which means that it is anprox1mate1y‘
.proportional to the number of nucleons A. On' the occasion of transition to heavy 3
nuclei the cross section decreases and in the case of Cu, for 1nstance 1t is’ ST
200 mb/sterad. T

'INSTITUTION-
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redxatrlbution of neutrons and the reaction crost e‘.ctions Were. mea—k )
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~——

b% +9. notursl breadth o the ground st sate U { 0,3 et
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+0,70 co0S (G)m’b/steradlan '
4) mass defect of 566 = 20,3 £ 092 eV PR
% Reaction ¢ro8ss sectlon for the "rou'\d state at Ep=9 eV 0=5 &

."a) The neutrons corresvomhn--to the ground statr the 1evel vtif{: ¥

0,43 nev and 4,65 eV vere found, e
Dy ‘The angulaT. aistripution for the 1 utrons of the vrouna
: the 1st jevel is o( ) = 6,8+2,4 co8 ('@)Hyz/storadlan -
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SOV/1849 7

Spektranetriya bystrykh ney'bronov (Spectranetry of Fa.st Neutrons) - Moscow,

" Atomizdat, 1958. 175 Pe. (Series:
1958, Nr. ’6) "8 ,050 copies printed.. .

Ed.: N. A..Vla.sov, Tech. Ed.: S.M. Popova .

- -PURPOSE:

of. experimental nuclear physics.
Joring in physics.

COVERAGE' 5
with- energies ranging from 0.3 to 30 Mev.'

of-flight method a new. a.pproach ‘to this enery range.

~Atamnays. energiya. Prilozheniye ,:

This book 15 1ntended for engineers. and technicians vorking in the field.
It may also be used ‘by advanced students ma- e

This volume is concemed with ‘the spectrcxnetric study ot fa.st neutrons : :
‘Main interest is focused on the time-

‘Phis book is not. only & " -

review of work done on the time-of-flight method but also an original ‘eantrbutiond -

.. the authors based on. experimenta.l work done at
. general review is ‘glven of other methods in current use,

: each cha.pter.

: TABLE OF. cou'mms' '
- cara 1/4

APPROVED FOR RELEASE: 07/19/2001

the Institute of Atomic Energy- A

References acccxnpany

CIA-RDP86-00513R001446330003-7"



"APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7

Spectrametry of Fast Neutréns ' , SOV/1849‘ :

- Preface by the Editor

e Introduction ' .
, ®
Bi‘bliography 7 .

s cn,.- I. The Method of Recoil Nuclei

. 1. Basic relations ° .

s 2e Selection of a radiator
'3, The scattering of’ neutrons on protons
: ~Bibliography .

.- Che IT. Proportiona.l and Scintilla.‘cion Counter Telescopes »
’ l.« Telescope with a thin ‘radiator _
2. Telescope with a thick radiator

Bi‘bliography

- ;Ch. ITI. Nuclear Reaction Method 5.

1. Ionization. spectrometer with He” ¢ :
2. Scintillation spectraneter with a Ii I(Eu) crystal
o Bi‘oliography )

cara/h v

APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7"



"APPROVED FOR RELEASE 07/19/2001 CIA-RDP86-00513R001446330003-7

SRS R A e — e
- e e e e

: .speétrdieti-y of Fast Neutrons

o 'cn. IV. The Time-of-Flight Method
-~ 1. Spectrometer with two counters
2. Spectrameter wvith a’ neutron pulse. source

Bibliogra.phy

-Ch. V. Neutron Pulse Source Ll ‘
' Beem modulation in an electrosta.tic accelerator o
2.' Use of the natural modula.tion of .beam ina cyclotron
3. Time "marking" i
Bibliography

Ch. VI. Neutron Detector
1.  Efficiency of a counter with an orga.nic scintillator

2. Resolving time. :
3. _Characteristies of certain seintillators a.nd photanultipliers

Bibli ography

 Ch. VII. Time Analyzer o
l. Single-cha.nnel time analyzer
Cnronotron

APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7"



"APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7

Spectrometry of Fast Neutronsb o . | - SOV/IBIIB
o 3. High-spes-d oscillograph o o . ST ¥ . 130 o o
- 4. "Time-to-amplitude" . conversion : R 3 R I
~ 5.  The "Nonius" principle . o ; e e 136
- 'Bibliography . o S T TR . >
-~ Ch. VIII. Basic Characteristics of the 'L’ime-of-Flight Spectrcneteri* SRS Y R
' " Resolving power . , S Wy
o 72. Efficiency T S 7 149
i 3. The dynamic range R ’ o TR A5 o
Bibliography’ : : - o o162
Appendix. Table for c:Jrrelating mime-of-Flight and Energ ' B ';63

SR AVAILABLE Library of Congress v
| ™/gop
o T-14-59

APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7"



"APPROVED FOR RELEASE 07/19/2001 CIA-RDP86-00513R001446330003-7

pe e Ste e ams o e

AUTHORS:  Kurashov, A. A.> Linev, A. F., ',,'_SQV/89',5‘2>"5/_3_5_, ’
S Rybakov, B. V., Sidorov, Vo A. o

© o TITLIE: ‘A Multichannel Time-of—Flight Fast Neutron Speotrome
‘ S (Mnogokanal'nyy spektranetr ‘bystrykh neytronov po vremeni proleta)

PERIODICAL: = Atomnaya. energiya., 1958 Vol. 5, Nr 2, pp. 1 35-140 (USSR)

ACT:  The n velt of the neutron spectranetnr developed consists in the S

APSTmAGY Ezmed:ate ise of - the natural modulation. of -the cyclotron ray. The-
dr1v1ng pulses whlch ars synchromzed by high frequency, are :
formed by means of a: trigger. The trigger works with'a pentode 9 &
with secondary emission. The duration of the pulse ig about 10 seg. :
The period of recurrence of a neutmn pulse T is equal to the perio
of high frequency ‘For the slmultaneous inv stlgation of the time
interval 2T, the generator for the driving pulses has to ‘emit omab 3
pulse for ‘two high frequency per1ods each. This is. brought about y-
means of a frequency divider the input of which is fed by a ginus- .
oidal voltage. The sinusoidal voltage is collected from the reso-
‘nance ‘lines of one ‘of ‘the cyclotron duants by means of a coil. The
driving pulses m.th the 2T period pass on to a mp:.d co:mcldence
scheme. . R :
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A Multichannel Time-of-Flight Fast:Néution Spectrometer - '502/89e5—2-6/36

' ain vart of the time ansalyzer is the "phase" generator which s
‘ggedﬁienp%y the pulses of ‘the s'cin’tillatior‘xucounter.v The gene;:‘ﬁ?r_
" is a trigger with delayed feedback and consists of a pentode wi -
' secondary emission: 150 m of the cable RK-2 are used as a de- . = .
laying element in thz system of delayed feedback. The 'lex.lgth“ of - i
the cable is chosen in such a manner that the period of the phase” -
generator is equal to 8T- A+, where & £~ 1.1077 sec. The o
"phase" generator is always in action and is kbmught;lntc? phase by
the pulse of the counting tube. (The fact that the counting tube
pulse is used for switching on the generator leads 1}0 dlstu:’o;.ng'
~ effects). The pulse of the anode of the multiplier ' FEU-33 -
reaches the input of the generator via a blocking valve and opexr-
ates the input trigger, which emiis two pulses. One of the Pﬂ?ez b
stops the generator and the second one releases the. ge_nerator&:.n o .
phase again, viz. at the moment at which a neutron is rgcordg .
The generator remains out of action for about 2,5. Mseconds.
An amplitude selector also belongs to the scheme of the spectro-
, , meter, the input of which is fed with the pulses of one of -the o
Card 2/3 dynodes of ’the:multiplier. The amplifmde_select_pr_ is switchedmo

L¥
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A Multichannel Tlme—of-Fllght Fast Neutron Spectrometer . SOV/ 89—5-2—6/ 36

the conxc:.dence scheme by means of an 1nput tngger. In th_.s wa,y SRR
it is possible to vary the effective threshold of the scmtil—' R
lation counter within wide ranges. . i
The operatlon of the time analyzer acconhng to the nomus pnn—- oy
ciple demands a high degree of constancy of the frequency differ-
ences. This is: attalned by means of a: separate frequency stab:.— S
lizer. e
The width of a. charmel of . the spectrometer amounts to about 4
1 ..1079 sec.. The system of recording of the spect meter consists:
. of 256 channels; each channel is able to work:up 21 pulses. There s
are 5 fzgures and 13 refenences, 6 of whlch are Sonet co I

May 14, 1958
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- AUTHORS:

. TITLE:

'PERIODICAL:

ABSTRACT:

cérd'1/j

Introductlon (Vvedenlye)

i

i

Rybakov, B. Vo Sidorov, V. A sov/ags-58;6-2/33;,,-»'

5 SRR uvﬂw""‘

vAtomnaya energlya, 1958, Supplement Hr 6, pp 5-8 (USSR)V,7‘5 o

~ This paper deals with the spectroscopy of fast neutrons with

energies of from about 0. 3 to 30 Mev. The upper limit is"
natural from the: viewpoint of . applying neutron spectrometry
to the 1nvestigat10n of nuclear structure, and is determin.d
by the range: of the discrete spectrum of: energy . levels. :
Moreover, energy- 1imit of “‘the neutrons of ‘a certain group of .
sources- (nuclear reactors;, targets of a linear accelerator,

- of ‘a -Van-de-Graaf generator, and of a constant- frequency
'cyclotron) ‘is within this interval The lower limit of . e
observation is only. determlned by the part1cu1ar features of v,j

the methods of recording fast. neutrons and is:by far less.
deflnlte. Until ‘recently fast ‘neutron ~spectra ‘have been deter-

mined malnly ‘from. the spectra of the fast charged particles . .

produced by the elastic scattering of neutrons on: atomic
nuclei ("nuclear recoil method") and by various nuclear re- .

»actlons ("method ‘of 'nuclear reactlons") Owing to the developqt;
ment of fast sclntlllatlon counters and slnce the :

3
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deveiopméht}@thhefmiliimicrbséCOﬁd'phléé:fécﬁhiQﬁe'forbthé
measurement of the energy of fast neutrons has made progress,

~it is possible to apply the time-of-flight method, already

the classical method in experiments with slow neutrons, also

~to fast neutrons. This method already now furnishes more . = -
accurate -results than other methods. According to the authors, -

this method is the most promising one in the fast neutron

- spectrometry. In order to obtain accurate results, the neutron

source must provide ‘a ‘pulsed operation and ‘a long range of -

. measurement for measuringfthéfflight"time;;lnrcases,iwhére .

these conditions cannot be satisfied; the recoil nuelei and-
nuclear reaction methods maintain their prevalence. The
method “of ‘threshold indicators (which is based upon the S
capture of neutrons under_production‘of‘rgdioactiveaﬁuclei) -

gives only a rough outline of the neutron spectrum. The same

hbldé-true_for”the application of such threshold detectors
as the fizsion chamber. The spectrometry of fast neutrons -
proved to'be an excellent means of investigating nuclear

'forces'and'nuclear_structure,*A'number‘ofvconceptsfused in-

neutron spectrometry are defined: the most importart chamea- .

teristics = . of a neutron spectrometer are resolving power,

CIA-RDP86-00513R001446330003-7"
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efficiency, and the dynamic range. Besolving power is defined

as the ratio of the half-width of a line from a monoenergetic :
neutron current.and of its energy: § = AE/E. The efficiency: o
of a detector for neutrons of a certain energy is usually -

‘'specified by the probability for the recording of a neutron

entering the sensitive volume of the detector. It is denoted. -
by € .-The efficiency“per,sterad[qua’spectrometer'isfdeno-
ted by 7 : n=%& . The dynamic range of .a spectrometer is

~designated by the quantity.q = Epay /Epjn, where Ej . -and Ep;,

denote the maximum]gnd:minimumienergy;Araspéctively;ﬁaccesé'»i}
sible in one measurement, Most models of neutron spectro- .~
meters require a good: collimation of. the neutron beam. .

There are'4"referencéé,»17ofywhich'iafsdvieta.’ D
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AUTHORS

TITLE: -

PERIODICAL:

ABSTRACT:

' ‘Cé:d 1/2

Rybakov, ‘B Vv., Sidorov, v, A, A sov/ass se 6 3/33

Chapter I (Glava I). The Method of Reco:t_ Tusled (uletod yader
otdachi) : :

Atomnaya energiya, 1958, Supplement Nr 6, pp 9- 10 (USSR)

The elastic scattering of neutrons. is the most 51mple k1nd of
interaction between neutrons and.atomic ‘nuclei. It is possible
to determine the spectrum of the neutrons from: the spectrum j;;
of the recoil nuclei - prnduced in this process. Even mono-
energetic neutrons furnish a contlnuons energy -distribution

of the recoil nuclei.: The’ energy of ‘the recoil nuclei which

are produced at a’ certain. angle: ‘with respect to the neutron . .
beam is unlquely dependent upon the energy ‘of - the neutrons.

It is precisely this circumstance upon which the ndifferen-
tial" method"'of recoil nuclei is based,: whlch is’ essentlally
that of" determinlng the spectrum ‘of . the energy dlstribution

of ‘the ‘recoil nuclei., The method is applicable. only under
favorable geometrlcal conditions. ‘In the most simple cases

it is sufficient to measure the complete spectrum of recoil ik
-nuclei (integrated over the angle of departure) In such -

cases the spectrum of the neutrons comlng from extended

APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7"
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‘applicable to the principle of ‘recoil nuclei for the inves-

is at present hardly being used at all for the 'spectrometry = -

" bubdble chambers it is possible to record fluxes of ‘fast

SO B e Rt o
R Bt MEGE S R RS
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sources .can also be studied (under adve;§§4gééﬁétricalacon?:_7 ‘
ditions). A great number of visual and electronic methods

tigatibhvof'the’apectrg;of~charged‘particles'is'available.i], 
Electronic methods feature a separation and measurement of =

the collimated ‘beam of ‘recoil nuclei by means of several .
proportional or-scintillation counters forming a telescope.,
Among visual methods in neutron spectroscopy the method of =
thick photolayers is widely used, and it ‘has been Just this .-
methodntofwhich,the_majority'ofjthe‘most”interesting\regults R
of neutron spectrometry is due, This method is, however, rather
cumbe:aomé,landfthe‘results4are.available only a rather long

time after the meaaurémént'hasfbeénjmadé;~Aejthé‘methods,of};

the spzctrometry. of fast neutrons advanced, the method of . =
photoemulsions lost significance, The Wilson (cloud) chamber

of fast neutrons, whereas the bubble éhamber;gains'in}impor-:‘
tance for the recording of very fast particles. With'such

neutrons with a negligibly low intensity. There are 14 refer- .
encea;75;qfiwh1qh;are_80719t. R e e

Sretom Sro e ©opet
A I G TR A EE ) R
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s A SR AR

. TITLE: § 1. Pundamental Relations ( § 1. Osnbvnyye‘éobtnoshéhiya)fl”'7f‘

PERIODICAL:  Atomnaya enersiya, 1958, Supplement, Nz 6, pp 10-13 (USSR)

ABSTRACT:  In this  section, the authors present the fundamental formu- . -
: * las for the determination:of-the neutron spectrum from the ;

energy distribution of the recoil nuclei. The scattering of
. fast neutrons can in most cases be investigated in'a non-. - :
"relativistic approximation. Only near the upper limit of the
neutron energies investigated (about 30 Mev) small relati- -~ '
vistic corrections are sometimes necegsary. The following

‘relations apply: E, = dEcos?Y with a=4A/(144)2, 0 oo
gro—E | cos 6s a2 sin%6| , singasYodeiny,
PN RS St ng=3 TE Yo o0

(1+4)

‘sin 8==] aAg,sinyy 0, =40ycosy, ¢ ey
: E, = (a/2)E(1 - cosy) . The probability that the recoil nucleus, -
© 7 .Card 1/4 owing to the _sic_atjér’ing_bf '_Ei_néutrdh"wiit‘}_x the energy E, - B
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7 :;§1. Fundamental Relatiohs o ,b' . o o ;;: SOV/89S 58 6 4/35
~acquirés an energy: ranglng from E E, to EA-o-dEA isiﬂﬂf ffﬂxp' g
'W(E )dE -(6¢/d),2n81nqd? , where the angle 'R is: taken from ~f,

the above formula for. EA° This- substltutlon gives e
eW(E )dE -(GY/G)(4n/aE)dE . Thls formula connects the reco1l j

nucle1 spectrumcxcurrlng in the:xatterlng of mono-energetlc
neutrons .(i.e.- the spectrum: result:.ng from the recordlng of .
all re0011 nuclei’ 1rrespect1ve1y ‘of ‘the anglc) w1th .the -
angular dlstrlbutlon of the. scattered neutrons in “the center-.
of-mass system° If the neutron spectrum is arbltrary, the
o : S following expre531on holds for the integral recoil nuclei
TN o spectrum: : » LS T o T
TR DT - W(BA)dE = const dEA ‘j f dfm-)‘?—, where F(E)dE denotes the :
number. of neutrons with an energy of E to E + dE 1n the
measured . spectrum, and "the angle. Y is determined from the
: . above: formula. The dlfferential scattering cross sectlon
Card'2/4 - of thevneutrqns in the center-of-mass system,

S A I-,-
3?4 - '»»*?Q:s? P&z i 2 ,-!a— GES

N R S T

APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7"



"APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7
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' whlch is under the 1ntegral sign, depends in the general

case in a-complicated manner upon the neutron energy. Deter-"
mination of the neutron spectnmxfrom the recoil nuclei R
spectrum therefore proves to be" extremely difficult. If -

the neutron .scattering 'in the center~of-maes system is S
isotropic, the analysis of- the 1ntegral spectrum of the recoil

» ‘nuclei is simplified con31derably. In this case the 1ntegral

spectrum of recoil nuclei is rectangular-

W(E,)dE, = dE,/aE, if E, < oF or W(E,)dE, .-.f’o if E, > as..,

The 1limit of the spectrum prov1des the neutron energy and the
area-the total: number of elaetlcally scattered neutrons.

The neutron spectrum is then . b :
dW(E ):I

F(E)dE =.const L dE. Hence it 1s posslble to

EA=CIE : S

obtaln tHe neutron spectrum by dlfferentlating the 1ntegra1-““
recoil nuclei spectrum with respect to 'energy. It appears,
‘however, that owing to- ‘the unavoidable distortions of the ~ ..
recoil nuclei. spectrum by ‘influences .of t he measuring L
apparatus ‘this ‘procedure .can be ‘used in- neutron spectrometry-l
. only in the most slmple cases, if the neutron spectrum E
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- AUTHORS: Rybakov, B.,_ v., Sldorov, v, A : SOV/89S-58 6 5/33

TITLE: fi §2 Dhe Selectlon of the Radlatlng Substance (%2 Vybor}_’
Voo radlatora) L , : S

PERIODICALQ Atomnaya energlya, 1958, Supplement, Nr 6, pp 13 15 (USSR)

ABSTRACT: . "The . follow1ng con91derat10ns are: d90131ve in the selectlon B
: of the substance for:the 1nvest1gat10n of the neutron spec-

trum: the re001l nucleus must be light, because the lighter
it is, the mcre energy will be: 1mparted to it Be31des, 1t
is far easier to. measure.the energy of a llght ‘charged = : ;
particle than that of a heavy one. The ranges of. fllght of B
particles heavier than: a-partlcles are small ‘and known with
an ‘accuracy far below that for protons and a- partlcles. The
sclntlllatlon intensity caused by a heavy ‘particle in a - .
solid ‘or fluid scintillator is very low. The. elastic colli- " =i°
sion cross. sectlon of: neutrons on the nuclei ‘of the- radlatlng
substance may be. con31derab1y greater than the: capture and.

non-elastic’ scatterlng cross sectlon._Thls cross section must -

be well: known, must depend only little upon the neutron =
TR . energy, and must be. sufflclently large. The neutron scattering
- Card 1/2 in the center of—mass syetem should be isotroplc, because
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this greatly 31mplif1es the ana1y31s of the rec011 nuc1e1
spectra and algo increases the accuracy of. the absolute
measurement of the neutron fluxes. These requirements are 8
satisfied’ beat by hydrogen, ‘which, in the majority of '
experiments, is used as a radiatlng substance. 'In some cases
deuterium and helium are used.” The ‘total cross sections of the:
neutron scattering on ‘these nuclei (as also the total cross '
section of- the (n,p)-scattering are ‘sufficiently large and
. also vary gradually with energy). Unlike- (n,p)-scatterlng,‘
" neutron scattering .on deuterium and hellum nuclei-is" :
_ essentially forward-anlsotroplc.‘The use of -helium 15,,;1,'
for instance,-convenient in cases where spectra of- hlgh-energy
‘neutrons are studled by means of proportlonal counters,. . '
These counters operating. under hlgh pressurs exhibit much E
better characteristics if filled with helium instead of hydro-~
gen, because hellum is'a noble gas There is 1 figure. : ;

Card 2/2
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‘Atomnaya energiya, 19589 Supplement Nr 6, pp 15 18 (USSR)

a # 1. applles. The other formulas glven 1n that paragraph
- are then reduced tovf“

8= g.-¢9 2‘? (20), gy = 4oycosy (21), o = 46Ycose (22)1h

'range is g »=‘22%2¥ and oe = 22%329 where o denotes the total

2 25 IR

g3, The Scattering of Neutrons on Protons (éAB Rasseyaniyef
neytronov na protonakh) : v

The formulas presented in the first paragraph of this chapter
are much simpler: than in the general case. ‘The .mass of the :
proton is with a very ‘high accuracy. equal ‘to- the ma’is of the -
neutron and hence in formula (5) given in paragraph one g

Ep = Ecos’y .= (1/2)E(1 - cos?) (18); E'f- Ecos 9" (19),,

At neutron energies not. exceedlng 10 Mev the (n,p)-scattering :
is isotropic in" the. center—of—mass system. In this ene“gy

cross section of _the (n,p)-scattering at a” glven neutron
energy. Por neutrons w1th an- energy exceedlng 10 Mev, the .
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Card 2/3:

dlfferentlal cross-sectlon in the. center-of—mass system

depends upon the angle and can be represented in the form

oy = d?(-)(1 + Ccos (y) The coefficient of anisotropy C also

increases with' increasing neutron energy. In a diagram the =
C versus energy function in the. laboratory system is plotted;:

For the differential oross section of the neutrons in the .-

laboratory system there

Z dcose . 14-2(90,,cos 297‘ applies}:Theftota11oros$w e

99" »_*n:::;: 1+2/3(90)2

section of the (n,p)-scatterlng hes been.huch 1nvest1gatediE

in ‘a-wide range of neutron ‘energies.” Tt may be descrlbed 'ith o

a-high accuracy by a semi-emplnc formula derlved by
Gammel! (Ref 14) o R

1. 206E+( 1. 8600+0 09415E+0 000130E )
b4 ;

+
1 2063+ (o 4223+o 1300E)

2 ,'where 6 is glven 1n barns and g

I

T B AR T L e e T e e e T T e A e AN S8 o i e
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E,in Mev;ﬁinHméh§f¢ésgélaléihplérvemﬁitﬁ@iférmﬁlatmay bé“uééd:?
o[barn] = —‘ff{_‘i{!‘)—% - 0.578. This formula in the energy range. -

from 0.3 to 30, Mev gives results 'éérée'ihé with an error of .’
3 % with experimental data. A table contains the values of -

the total cross section of the (nyp)-scattering computed
according to the above formula. There are 1 figure and 1 .
table. C LT T e
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“TITLE: Chapter II ~(Glava II). A Telescope of Proportional and

L Ty,

Scintillation Counters (Teleskop proporteional'nykh 1
stslntlllyat31onnykh schetchlkov) oo .

- PERIODICAL: Atomnaya energiya, 1958, Supplement Nr 6, p 19 (USSR)

ABSTRACT: A system con31st1ng of several counters for charged partlcles
) ’ - is termed a telescope, which permits the separation of. a
colllmated beam of rTecoil protons and: the measurement of .
their’ energy. The ‘recoil .protons in the telescope are.- derlved
from a layer of a hydrogen-containing substance ("radlator")
e X A dlst;nctlon is made between telescopes with a "thin" and
R ,w1th a "thick" radiator. The first consists of a layer of a.
s heavy hydrogen-contalnlng substance as a radiator, and thls :
K R . layer:is installed in front of “the first counter of the . "
Lo : : telescope. Its thickness (upon which the resolution. of the;
spectrometer is directly dependent) is only a few per cent . _
of the range of flight of the recoil’ nuclel.‘In the. second
S . case the: sen31t1ve volume of the first counter -of the o
»:Card 1/2 S telescope serves as a redlator. Its thlckness may amount to 7,

U LMY L
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a. considerable portion (for example half) of the range of b
ﬂ;ght of the recoil protons ‘and "it is only Iimited by the ...
nece331ty of. recording the recoil proton by the cther BN
counters of ‘the telescope.,A telescope with a thin radiator
may have a considerably high resolution (as much as 5 %) and =
‘hence may be ‘used for the study of complicated: neutron spectra-
If- satlsfactory regsults are requlred very intensive neutron -
fluxes: are necessary. ‘The main " advantage of such a spectro-s-~*
meter is found in the poss1b111tyto compute its efficiency. -
for mono- energetic neutrons with an. accuracy which is only -
determined by the uncertulntj in the cross section of the = - L
(n, p)-scatterlng. ‘It is'mostly for this reason that telescopes
"with 4 thin radiator are. frequently used for the-absolute . . -
measurement of mono-energetic neutron’ fluxes. A telescope
‘with a thick radiator has a much higher efficiency and is :
used- for the’ 1nvest1gat10n of low-intensity neutron fluxes.’
There are 38 references, T of whlch are Sov1et o
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§ 1.4 Telescope Vlth a Thln Radlator (ﬁ 1. Teleskop s tonklmf?
radlatorom) S

 Atomnaya energlya, 1958, Supplement, Nr 6, pp 19 39 (USSR)

iIn a flgure the experlmental arrangement -0 the measurement
of  a neutron’ spectrum with a thin radiator is shown. A’ hydro-
gen-contalnlng radiator 13 located at a dlstance b from the

neutron source S. Thls radlator has a dlameter 2a. The recoil
protons emitted in the dlrectlon ‘of the recording system are:
colllmated by a dlaphragm whlch is 1ocetea at the distance b, f

from the radiator The geometrlcal condltlons are practlcallyf}
everywhere well ‘satisfied so ‘that the neutron eodrce may, be .
consldered to be punctlform, ‘The diameters of the radiator and‘

of the dlaphragm are smalT,as compared to b and bz. In thls

'1nstance only’that case is 1nvest10ated, in wh1ch the dlameterﬂ
of the diaphragm equals ‘that of the radiator. Between the ,»_‘
radiator and the diaphragm and behind the diaphragm counters

7for charged partlcles are 1nstalled, sometlmes also‘
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auxiliaries separate from the totallty of particles produced

in.it those recoil protons which have left the radiator and i
have passed throuOh the diaphragn. This makes it possible: to l:
‘measure their ‘energy distribution.,: The: authors then investlgmm =

the resolutlon and ‘the efficiency of a telescope with a thin -
‘radlator..A small reserve .in resolution considerably in-
creases the: efficiency of the telescope.- For this reason

'"wide-angle" telescopes must - be used for absolute measurements':
of mono- energetlc ‘neutron fluxes, which have a relatively low : f}

resolution. The maximum counting’ rate at a given resolution
of ‘the telescope 1is computed. In-a figure-the electronic
block-scheme. of ‘the telescope is shown. It permits a. simul.
taneous: recording of -coincidences .of ‘the type 142, 14243,
1+2+3+4, ‘and. 1+2+3 4. These digits dencte the numbers of the

counters and :the . mlnus sign corresponde to an antl-ooincldenoe.l

The: recording of . coincldences of the type 1+243-4 provides

the differential: spectrum ‘of the recoil. ‘protons ‘and hence also .

the neutron spectrumo ‘The spectrometer described in this
L paper has.been used for the- inveatigation of the excitation
“Card 2/3 curve of the reaction T(p,n)He3 in the range of . ‘proton o
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]e.nergles of from 7- 12 Mev. In another flgure the typical

ay-out of a .scintillation ‘counter telescope is given :

The disadvantage ‘of thie’ telescope ‘is its high ansiti:lita

to a y-background.” At . the end of ‘this paragzvph the - .- 7

g:x:ii:iydope:ations and correctlons are enumerated which must
are 14 figug:s.in order to obtaln accurate results.»There
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PITLE: é 2. A Telescupe Wlth a Thic& Radlauor (§ 2. leleskop s:lt”n‘ |
o tolstym radiatorom) S i‘v»'

7 ?ERIODICAL:' Atomnaya energlya, 1958, Supplement Nr 6, pp 40 52 (USSR)

. ABSTRACT: »“_The sensitlve volume of the first counter of. the telescope'
S may.also be’ used as a source for recoil protons, if-it is.

" filled with hydrogen. When the energy of such a. proton is
determlned from the 1nten31ty of -t he 1on1zat10n produced by
it or from. the sclntlllatlon flashes, the *hlckness of ‘such’
a radiator may take ‘up mﬂje a proportion: of  the. range ‘of {g”,.
flight of tne proton; because the energy lost by it ‘in"the - -
radiator is measured. Hence 1t is- ~possible ‘to increase the
efflclency of e counter and in some cases to minimize the
energy-dependent limit of applicability to a few dozens kev.
The authors. then investigate several typlcal variants of . s
ionization and scintillation telescopes with a thick radiator.
One - flgure,vfor example, shows ‘an ionization telescope for: .
neutron energies from 0.05<1 Mev composed of ‘three proportional

IR : counters filled with methane. Another spectrometér d931gned
- Card 1/3 by Mozley and Shoemaker (Ref 29) was construcfed as:a .
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teleécdpe with twojorganic gointillation co ters. Calvert et
alQ(Ref;}O)"Cdnstructéd a better telescope of the same type-
Varioué:éuthorS'(Refsv31e36)jpropbséd1another gystem for the
speétrometryf0£afast'neutronsganalogouS‘to:a 7;spectrometer',,f‘
with two crystals and’basédvupohfthe‘Compton'éffect;'Such :

systems ‘have hithertoHhardly;evgrjbeen'used_in;practiqeggxf

_There éppeared,;however,’theiprototypedof a gpectrometer g

measﬁring,the]energy of ‘the neutrons from the transit time

required b the neutrons tofpass*thefdistance between two
. counters. The principal_design-ofﬂsuCh_a gpectrometer is '
shotn‘by'a.ﬁigure.;lnﬂorder tb'suppresé'thefbackground,:;
the resolving time of the coincidence circuit‘is“madev.'~f. e
gsufficiently small;'The‘resolutibnipower‘of‘the spectrometer
is primarily determined by the‘inaccuracy in the recording
of neutronaSCattered.thrOugh a certain anglefand‘by-the‘ :
;rasolutiqnv7 (with fespectvto,the‘amﬁlitude)_of the first
counter. The1spectrométer‘deséribedfby Beghian et al (Ref 31)
is mentioned as being_intéresting, The -authors meintain,
however, that this»spectrometer,haS'Only'a low resolution.
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A telesqbpe r§aqhes[its'maximum effiéiency; if if’iéi 7“,§V ‘
filled with pure hydrogen. There are 10 figures. &
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Chapter IIT (Glava III) The Hethod of - Nuclear React10n5'4: fif
(Metod yadernykh reakts1y) : . .t

Atomnaya energiya, 1958, Supplement Nr 6, pp 53 55 (USSR)

When a- neutron oausea a nuclear reaction in which only charged
particles are’ produced, the energy of :the neutron may be .
determined by a summation: of -the. total energy of the charged ﬁr
part1cles derived from thelr ranges . in‘a thick photographlc
emulsion. "As'mnow the total energy of the partlcles produced
by the neutron causing’ ‘the Teaction'is 1ndependenu of the
direction of ‘incidence," ‘this method 'does not ‘call for a

'prev1ous colllmatlon of i the neutron ‘beam. For this reason thls

method is particularly well suited for ‘measuring. the spectrum&.
of extended’ gources. It is used in the investigatiom of ~ i -
nuclear reactors and in experlments concerning the developmen i
of neutron flux shlelds. In ‘such cases the use of spectro-=
meters:which are based upon the recoil ‘nucleil prlnciple leads -
to two fundamental disadvantages connected with the nece331+y,f
of collimating the neutron beam. Firstly, the spectrometer e
must be placed at a considerable dlstance from the neutron
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‘ ‘; fcg£d_2/3 .

source, which‘greatly,reduces_its.efficiencyg and “secondly
the scattering of neutrons on the walls of the collimator to
a small extent distorts the ‘primary neutron spectrum. The -
choice of nucleaf‘réacticnsksditéd'for‘the'study;of;the T
spectrum of fast neutrons is very limited, as the reaction
c:osavsectionrmust_be-sufficiéntly;large”andiin'the energy'
range under investigation.befonly'little‘dependent”updn

energy. Moreover, the reaction must - comply with the following -
cohtrgdictonvreqﬁifements:fThennucleus,prqduced“bykthe Taw e
action 'should not have low ‘excited levels as otherwise the
total kinetic energy of the reaction products would not follow .
a unique relationship with the energy of the neutron. This ‘

requirement can only be fulfilled with very light ‘nuclei. Om ..

the other hand, the nucleus must be gufficiently heavy in
order to ensure that in an elastic collision of a neutron

‘with maximum energy on this nucleus the energy of ‘the recoil -7

nucleus is-lower than

products,. The higher the energy Q of the reaction, the bétt§f :¢
will this_rQQuireméntﬁbefcomplied,with.AIf,'howevgf, Q is

the total energy of thereaction

: 1argenand’ppsitiVe, the energy:dfjthe:ﬁeutrdn“is only a small

proportion of the energy ‘of the reaction products and hence = -

APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7"



- - R001446330003-7
"APPROVED FOR RELEASE: 07/19/2001 CIA RDP86”99513 . e

o Chapfer,III.;The Method ‘of Nuclear,Re&ctibns' - TT,’»,SOV/$95-58-6510/53,
the accuracy of measurement is diminished.iFinélly»it is -
-Tequired that every other reaction possible between the
neutron and the same nucleus must be either much-less advan-
~ tageous or much less'probable,fOnly very few reactions between B
a neutron and a light hucleus.meet;these_requirements,:In,a', o
diagramcthe[curves:describingitheverosé"section'of the most
advantageous reactiong He'i(n,p)T,_and Li°(n,a)? versus the -
neutron energy are ‘shown. The nuclear reaction method is used
for the_measurement'of,neutron spectra with the help of thick -
photographic emulsions.'Anjadditipnal criterion for the =
choice of the nuclear reaction is in this case the existence
of a,charaCtéristic'and;easily;recognizable,track in the
emulsion};Usually; such emulsibns‘are”used f -
metry, which are sensiti i ‘on or lithium. The reaction . .
3'0(n,24)7 (q = 0.33 Mev) provides an easily recognizable
three-track star, TheVrea¢tions'Lis(n§a)Hé3'(Q 9‘4.78 Mev)
and B (n;q)1i8 (q - -6.7 Mev) are’ also easily identifiable,
the latter on the strength of “the lithiunm "hammers’ which are -
- Pproduced by the'decay,of_Lis.fThere,areﬂ1.figure and 13 refer- .
ences, 3 of which are ‘Soviet. . = .. Lo R

_7"
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81. An Idnizatibn'Spectrdmefér With'Hé5_Gﬁﬁ;,Ionizat$iénnyyf'"

spektrometr s HeJ)

Atdmnayéiéhéfgijﬁ;fi95aﬁ;SﬁpbleﬁenfyifoG;”ppf555554(USSR).ﬂf 

When an isotope exhibiting a suitable reaction under the inter:

action with a neutron is dintroduced into the gas of an ioniza-
tion chamber or of a-proportional,counter,’thefenergonf the - -
reaction products can be ‘determined from the ionization pro- -

duced by them. Batchelor et al (Refs 5,6,7,8,9) fgr'this,

purpose used a proportional counter containing He”. The tot&i%

qnergy_of'thg_proton_and the triton was ‘measured, which are
generated ‘in the reaction He3(n;p)T‘(Qts 0.77 Mev). In two

AT I

diagrams the,counter'pulselspectraroriginating;from itS'beingL:

irradiated»by.monofenergetic_neutrons}with.energies of 0.12 -
and - 1.00 Mev are shown. Apart from the main peak there '

Jappears;in,évery;Spectxum'a-peakjbrigihatingAfrom’the slow

neutrons (caused by the slowing-dqwn of7primary-neutrons_in_’*

the walls of the apparatus) and ‘a continuous spectrum origin

"’ ating"ffmnthefyeradiation;;The,peak-is-causéd by gn acute
~increase of the cross section of ‘the reaction He”(n,p)T for -
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- meter consisted of a spherical chamber filled with He3. The -
'resolution:of{the'pr0pqrtiona1»counterjand of .the ionization

‘slow neutrons. If the neutron energy is 1 Mev 'the pulses of-
even such recoil nuclei become visible as are produced by an
elastic scattering of neutrons on He’. The lower limit of the
energy range covered by the spectrometer is about 0.1 Mev, .
where ‘also the main peak merges with the peak due to the slow
neutrons. This spectrometer is suited for the measurement of -
the spectrum 'between 0.1 and 1 Mev. The main field of applica--
tion of a speétrometér.making”usé_ofjthé reaction Hel(n,p)T is =
near a neutron energy of 1 Mev. The design of the proportional -
counter mnst'guarantee‘q‘high~résolution'and;thé.abaence of o
edge effects. If the counter has conventional dimensiona a :
hany;gés:(A;,K;;Xe).must1beﬁaddedvto theMHe5_and"theipresauxe =
of the mixture must be raised to several atmospheres in order

40 reduce the range of flight of the charged particles pro- ..
duced?in it;.This,fhbweVer;_meets'with,COnsiderable,technicalﬁ;i
difficulties. The resolution of the counter congtructed by . i
Batchelor et al  was about 7 %. N. P, Glazkor with a simpler i -
spectrometer achieved almost the same resolution. His spectro- .

chamber'depEn@s much}bn?the[purityiof the.gasfused;”invpartic—’f:
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&1. An- Tonization Spectrometer With He§7a J~f SR  80V/89S-58-6-11/33
ular at high pressures. In the apparatus discussed, the gas - . -

had been carefully purified. The efficiency of t he He’ .

spectrometer ean be ‘computed by . using the energy dependence
‘of t he reaction HeJ(n,p)T, which is plotted in a diagram. A

considerable -advantage of a spherical ionization chamber as =

compared to a cylindrical proportional counter is the independ-.

ence of the efficiency from the direction of the incident ,

" neutrons. There are 3 figures. TR

'cai'-df» 3/3
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°  AUTHORS: Rybakov, B. V., Sidorov, V. A. S 30V/895-58-6-12/33 - .
TITLE: 8§ 2;v:Scintillation Speqtrqmeﬁer_Witb'a 14 J(Eu) Crystal -
(§ 2, S£éintil1yatsiqnnyy'spékffométf1§ kristallom'LisJ(Eu)
'PERIODICAL:  Atommaya emergiys, 1958, Supplement, N 6, pp 58-63 (USSR)

ABSTRACT: A higher efficiency.than that df;the'He5'spectromete:,deSq:ibedf?
P " in § 1 of this chapter can be attained by the following means: . -
The isotope which is: the reaction substance is introduced into -
the solid scintillator and the energy of the -neutron is deter- ..

L]

mined from the pulse of the seintillation counter. This method -
meets with one important difficulty, viz., that the light yield
of thejécintillator’decreases-considerably with increasing
specific ionization (produced by the charged particle).If
several. charged particles are produced in the reaction caused
by the neutron, their total energy (which for a given neutron o
‘energy is naturallyfconstant) may be divided among them ina
different manner. If different particles are produced in. one
reaction (for example o -particles and tritous) this leads to i
L - great differences in the pulse heights. This difficulty was =
- Card 1/3 almcst~completely'oiercome~by,ﬁR.AB;:Murray (Ref +12). He used . .
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§ 2. Seintillation Spectrometer With a Li0(m) SO0V /895-56-6-12/33
Crystal SR S R S edl bl e ol Ll

- 'a lithium iodide crystal (from the pure isotope Lif) which had

neutrons. When the crystal is cooled to q140°C‘the,deviation"

- permits to vary the temperature of the crystal between room

~sented in a figure, In a diagram the pulse spectra of the

- original value, whereas the pulse height increases by a factor
- The high @ permits;tq'attain”a gobd'discrimination of the -

~efficiency decreases rapid1y with1increasing energy. .

been activated with europium as a scintillation detector for |

of the pulse heights decreases. Thus, a quite accepteble o
resolving power can be attained. The apparatus of Murray which -

temperature and the temrerature of liquid nitrogen is repre-

counter are shown, which were found at varying temperatures by
irradiating the crystal with mono-energetic neutrons with an
energy of 5.3 Mev, If the temperature of .the crystal is reduced
to -1429C the main peak width decreases to almost half its

of 1.5. At low temperatures the peak takes the shape of a
Gaussian curve. The resolving power of the spectrometer is
below that of the counter with respect to the pulse height.

gf—rays._Infanofhér diégfaﬁjthe1depehdépcefof thgigfficiency .

of_a}I',i‘6.‘I(Eu) crystal on’the neutron energy ji’_s"pidtt'e;{.fThef. S
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 § 2. Scintillation évéctromet ith & 1180(m)  sov) ‘ "
G ' Speotemeter Mth e UM s0V/698-50-6-12/33.
At E = 10 Mev, however, it is still sufficiently high, This
specirometer :hgs-o_nly:a~limited applicability, as its = =
efficiency for slow neutrons is very high. If Soviet phofo-

~multipliers of the type FEU-11 (or also FEU-12 or FEU-16) are
used,’wh;gh operate normally at the temperature of liquid =
nitrogen, the crystal can be applied directly to the photo- .
cathode. By this procedure the characteristics of the spectro-
meter are considerably improved. The lower limit of applicabils
ity of thls,spectrometer,corr99pondstto‘a.néﬁtron'énérgy-of~~V
1 Mev. There are 5 figures. . ' UL A e T

card 3/3
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 TITLE:
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 ABSTRACT:

'  Rybako&, B. v,, Sidorov, v. A.. 1‘j{*I; ffsov/a9s;5a+6-13/53
T Chapter IV. The Time-of-flight Method S
, (Glava IV° Metod vremeni proleta)

: VThe determlnation of “the neutron energy from the tlme of-fllght
"is the most direct ‘method of neutron spectrometry.,The ‘time-of-

‘ traveled by ‘the neutron by the. 1e1at10nsh1p

.The relation between the neutron energy spectrum and thelr
'distrlbutlon over the tlmenof-fllght is described by the-

is taken 1nto con51deraticn, the follow1n expr9831on is derlved]

Atomnaya energiya, 1958 SuppTement Nr 6 pp 64-66 (USSR)

flight is connected with the neutron energy and the dlstance R

tmﬂsec'_ TL =1 2 3L(m)/ VE(Mev) c-denotes the “time the neutronr

requlres for travel‘ng ‘the distance of 1 ‘m. The above formula 1s
given in. its non-relativistic approxlmatlon° If ‘the energy of '
fast neutrons is measured with’ high accuracy the relat1v1st1c N
effect must ‘also be taken into account. -In the case of a neutron;
energy of 30 Mev the relativistic. correstion amounts to ~3 % ”

equation F(E)4E = V(t)dt = U(t)dr . If the above given formula -
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_ Chapter IV. The Time—ofnfl“ght Method e sov/e9s..5a -6-13/33

for the conwer81on of the neutron spectrum from the time 1nto

eneTEy . scale' F(E)dE 4 B‘U(c)d where T is ,

measured in- m(tsec. : : ~of .t eu tron at the extremity

of ‘the flight path is , , se of the ‘pulse *

in the counter.: ‘The moment of depar
',of ‘the following ‘methods: . 1)’ recording of -the neutron scat-» R
tering-in an: organic scintillation counter ‘which is- installed i
at the beginning of the flight path. 2) recording of the o
radiation accompanying the production of -a neutron by a nuclear
reaction by means “of & counter installed. near the. neutron .
gsource. 3) The use of a pulsed neutron s0urce. In the spectro-rék
metry of slow neutron third method is used. Time-of-'ﬁ
£1ight spectrometere have & resolution time of the order. of o
~1 psec. The application ‘of. tlme-of-flight methods to fast

‘neutrons has been made possible only in recent years owing to i
the ‘development of scintillation counters with organic ol
.geintillators of fast coincidence cirouits, of ‘wide-band
amplifiers and oscillographs and of fast triggers. The
technique: of producing neutron pulses lagged gsomewhat behind

D the development of fast scintillation counters and time

- Card 2/3 .analyzers._ﬂence, in the beginning, spectrometers w1th two
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counters predomlnated. whlch are based upon - the flrst two :
above mentloned methods of rer‘ordlng the’ moment of departure R

of the neutron. There 1s 1. flgure.»
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- TITLE: -

| ABSTRACT:

- Rybakov, B. v., Sidorov, v. A.a_ ¥ sov/ags-ss 6 14/33
e e

1. A Spectrometer With Two Counters =
(

AUTHORS:

- PERTODICAL: .

‘departure time of the neutron has the same design as the two-

- ‘consist of: two - stilbene crystals and ‘of a photomultiplier of the

1. Spektrometr 8 dvumya schetchlkami)
Atomnaye energiya, 1958,_Supp1ement Nr 6, pp 66 70 (USSR)

A spectrometer, in which the scattering of a8 neutron by a - :
counter into a counter is recorded for the determination of the’ g

crystal counters described in § 20 chapter II. It differs only
in that. respect that the principal feature. is the analy91e of ‘,_
the scattered neutrons by determining the time of flight lnatead
of the amplitude analysis of the recoil protons in the first " G
counter. One of the first spectrometers of .this type has been
designed by A. I. Veretennikov and V. Ya 'Averchenkov (Ref 3).

The authors devote themselves ‘to a closer study of the . o
apparatus described by G. C. Neilson and D. James (Ref 4). The
neutron-'is scattered in the. organic scintillator through the
angle Q: and s recorded by the second counter. The neutron
distribution over the time of flight is measured. The counters.

type RCA 6342 The pulses of the photomultlpller are then

APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7"
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§ 1. A SpectrometerJW1th»Two,Canteis_‘“"

| S0V/895-58-6-14/33
transmiffed,fd'5 30;qhanne1'iimeuéhalyéér,;
the principle of time-amplitude transformat
“time ofvthefspeqtrqme
best results ever att

which operates on
ion, The resolution
ter is 1,5 musec, which is near to the -
ained by.such'apparatus;“Notwithstandingv[
this achievement it is necessary to place -the counters at a ..
considerablek;diStanqe*from'onefahother“iniorder'to achieve a -.
aufficiently"highTreaolving.power'ofgthe,counters.fThiS'again’*
reduces the efficiency of : the speCtrometer;'The,width‘of]the

The'mgin‘disadVanfage of
efficiency,,which_ca
intensity.neutronisd

Such’a'Spéétrbmetér‘is”itS'low;; S
nnot be compensated by .the use of high- " .
urces. In a diagram§the-neutr¢n{spectrum j:-
of the readtion Be”(d,n )8 O(5, -

v 0.8 Mev) is shown, which has
been recorded by a Neilson-Jamesfspectrbﬁeter.withfits'first_”
{-radiation counter. Three groups of neutrons are found above a
dense.backgrouhdehich’is'due‘to'accidental'and "wrongt . .

B ccinciqénces;ﬁwhichjcqrrespond'tqithe lower excited levels of

I B ". The neutron ene
Card 2/5 . 7 = TIS(UEREIOR ener

g;ésjdéfé;hined_frqﬁfthis ;nférmAEion)j f
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. § 1. A spectrometer With Two Counters  ~ fs‘ov/a9s'-sé-6-14/33

4.20 +0,40; 2,65 £ 0,30; and 1.28 i’O.ZO'Mev,Well’égree with

the energies determined with the thick photolayer method. They
are, however, less accurate. The spectrometers with two = - e
counters discussed in this paragraph exhibit in spite of their
many shortcomings many advantages as compared to the counters
described in § 2 of chapter II. They are particularly suited

for the observation of several groups with different energies ,
in & wide range of neutron energies, and to the n-py-correlation
,f?r a single‘energy,group above a dense background of neutrons
with other energies. Such a spectrometer is particularly useful

if the radiation accompanying the neutron consists of charged:
' particles. There are 3 figures. =~ =~ =~ oo S0

CIA-RDP86-00513R001446330003-7"
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AUTHORS: 4 Rybakov, B. v., ASidnfov, v, p..; T sov/89s-5a 6 15/35

ﬂ, TITLE; - 2. A Spectrometer With 8 PuTged Neutron Source _
e ( 2. Spektrometr 8" impul‘snyn “istochnikom neytronov)

LPEﬁIODIQAL: Atomnaya energiya, 1958,'Supp1ement, Nr 6, pp 70-75 (USSR)

ABSTRACT: - The utllrzation of -& modulated ‘source for marking the moment
e . of departure of ‘the neutrons permlts ,usi_g only one counter
in . the time-of-flight: spertrometer. This considerably increases 7
" the efficiency of the. spectrometer. and ellmlnates the limita- ..'"’
“tions: imposed uvpon the neutron gurrent, which are due to the S
overloading of ‘the first counter and “to avcidental ‘coincidences. .
This modnlated neuuron source produ"es short perlodic neutron f
~ pulses, which are separated by . sufficiently long: intervals. The
difficulty in realizing such & spectroscopic method in the = L.
megavolt range. ‘ig:that a pulse duration’ of -one mpﬁec is requ1red ‘
for attaining a sufflclent]y high resolving poweT.. The technique .
of - producing ultrashort ‘pulses has. been developed only in ‘most 7
recent times. Only a few methods ‘have hitherto become known of T
et modulat*ng beams. of charged. particles nroduced by aocelerators,’
: Card 1/3 . so that only the target of an accelerator is used as & source’

APPR :
OVED FOR RELEASE: 07/19/2001  CIA-RDP86-00513R001446330003-7"



MAIRY 41

| FOR RELEASE: 07/19/2001

| S

CIA-RDP86-00513R001446330003-7

, ,; § 2,~A:Spe¢§r°ﬁeter:With a rulsedrNegtron Sonfcé,’ . ,-sOV/89S-58—6-15/3}‘>g;

of pulsed'neutrons.jOWing to the particular features encoub-.
tered in the acceleration of fast particles a cyclotron is  “
particularly.well suited as a nrpatural" pulsed source,for the
spedtrometryfof.fast neutrons. -In a figure the principal lay-"
out of a modern time-offflight'spéctrometer for fast neutrons .
is shown. . The main elements of this spectrometer are the pulsed
neutron source, the neutron detector, and the time analyzer..;*i
When primary reactions are investigeted a gample 18 used as 8.
source;’which‘emits neutrons under the irradiation with 8
pulsed_beam:of'mono—energetic heutrdns;_This"pulsed'neutxon\;f;;
beam is also produced,in‘thé,target of an acceleratoT. The -
flight length between the gource and the neutron detector
(alsoﬁtefmed."basis")‘attains values of ~10 m with primary o .
reactionsignd‘ofvy1»m'for the,investigation‘ofusecondary HERTR
reactions (&8s, for example, the non-elastic scattering of e
neutrons). The pulses of the neutron detector_are;thenvtrana-j}%
mitted to the input»ofuthe,timélanalyzer.:Thejother‘input'of,g.i
.thejtime,analyzerireceives'signals which are synchronized,with.,
théfnéutrbnvpulses;VTheftime'analyier-analyzes the time. .
~distridbution of the counter pulses withrrespect to- the contro

*pulsgs{‘Thisfdiatribution represents apart from a constant

a2
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§ 2. A Spactrometer With a Pulsed Neutron Source ,;i SOV/89S—58 6~ 15/33

o camazfs

“only when the amplitude of the neutron counter pulse is within::

time shlft the neutron dlstrlbution over the t1mes of fllght.,‘f
4 valve governad by the signal of the amplitude selector opens

the prescribed interval and thus ‘permits the passage of the jvgg
pulse coming from the ‘time analyzer. The ‘amplitude selaector is
not indispensable in the ‘spectrometer, it only sorves t0’_ .
determine the neutron enprgy. There is 1 flgure.” EEE
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;'AUTHORS: o 'Rybakov, B. v., Sidorov, ,A., 1‘__1‘ 2 »sov/89s-53f6-16/3}

Rt

YTITLE. ‘ Chapter V (Glava V) A Pulsed Neutron Source (Impul'ehyy =
' 1stochn1k neytronov) L RN : ’ '

‘PERIODICAL: Atomnaya energlya; 1958, Supplement, Nr 6 p 74 (USSR)

_ABSTRACT: The time-of fllght spectrometers exlstlng nowadays wlthout an _ﬁ;
o exception use the targets. of various accelerators as a pulsed i
neutron source.  The i ~produci t neutron pulses o
“reduces: to different ating the beam intensity o
of- charged particles. “Ag the slowing-down of - the part1cles in -
the - target and -the nuclear reaction both take only a very short .
time the moment ‘of ‘neutron’ emission 001nc1des ‘#ith the moment of
jncidence ‘of the charged ‘particles upon n the target and hence .- .
the duration of ‘the neutron pulse. equals that of the charged -
particles pulse. The optimum pulse length is 1 mﬂsec.k furtherf;
.diminution ~of. this length only leads to a loss of average B
1ntensity and contributes nothlng towards & better resolving =
time of :the’ spectrometer. Hence the resolving time of the SR
scintillation counter may: be considered completely ‘gsatis- - S
e - “factory. The problem of the optimum pulse repetition frequency B
. Card j/2 is investigated 1n § 3 of chapter 8. In most cases the . . ey
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N Chgpterbv. A Puleed Neutroh Sdurce SOV/B9S 58 6 16/35

petltion frequency is about i mc
ences, 9 of Whlch are Sov1et. o

’necessary pulse Te
There are 39 refer
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AUTHORS:  Rybekov, B.. Ve Sldorovs Tk L o
. £ . - - : : :

’ﬂl‘s

k'TITLE:» 1. Beam Modulatlon of an Electrostatlc Accelerator ;;i”’
e 6. 1. Modulyat81ya puchka elektrostatlcheskogo uskorltelya)

f?ERIODICAL: »Atomnaya energiya 1958, Supplement, Nr 6, pp 74 83 (USSR)

ABSTRACT: A linear accelerator and a Van de Graaf generator produce a.
e . continuous well focussed ion beam of & relatively low energy.
The following - simpla method-is" often ugsed for the modulation. . =
of this beam: A pair of deflecting plates (to which a- sinusoidal
'hlgh—frequent voltage is ‘applied) and’'a diaphragm periodical- ’
1y interrupt the peam. - The higher the amplltude of ‘the . '
chopping frequency. is the lower the ‘pulse length of the e
partlcles ‘gtriking the -target will ‘be. If the chopping: frequency
is raised. to about 1. megacycle it .can easily be'reduced %o .
1 mp.sec. If it is-desirable to have - only ‘one ‘neutron pulse
per. high- frequency period,’ this can easily be attained. This
method -is much used ‘owing o’ 'its simplicity, ‘i4 ‘has, however,
also considerable’ dlsadvantages. ‘The average neutron flux
gtriking the targeti is. only a small proportion of the initial :
IR . - intensity of the beam. In a diagram' the interruptor system .
Card 1/2~ : 'used wlth the Van de Graaf generator 1n Los Alamos is. shown.‘ o
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~§ 1. Beam Modulation of an Eléctrostatic»Acceleratoraf.”ﬁ',; T

' The inte:pupfdrwis‘placéd_directly[at1thejexit,of;the beam
from the magnet. Many shortcomings of this system can' be S
avoided .if the beamfinterruptor;isvplacedfat;the»accelerator
entranée*immediately‘behind;the‘source} Thus‘thé accelerator
is freed from a superfluous load ‘and ‘the ratio between the -
effect and the background is;considerably»increased.ESome_,,
interruptdrS‘of,this’type'aré portrayed7in.figures and dis-
'cussed"Injqrder to=increase.the_iﬁéfantanéous-flux:of charged .
particles under pulsed operation various methods of ion group- ' - |
ing .can be used. The method advanced by R. C. Mobley has Ll
hitherto:néverAbeén”USéd, aé‘it requires ‘a deflecting voltage
of 100 kv and a large magnét.»Another'highlyﬁéffeCtive method =
of ion grouping due to N. N. Flerov and Ye;LA,,Tamanbv%is’dia-vf-"
cussed. This method has the disadvantage that the beam is to
a certain extent divergent. Finally the method.of'increasing~ﬁfj
the intensity of the neutron pulse proposed hy F. L. Shapiro- ="
is discussed. There are 7 figures, L
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 PITLE:

. PERIODICAL:

ABSTRACT ¢

V.8

Utllization of the :
veshestvennoy modulyatsii puchka ;;;"

Atomnaya energiya,1958, Supplemont, Hr 6 pp 8’5
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“ ‘ sov/e9s ~58-6~ 18/33

Nutural Modulation of o Cyclotrdn S

9oe(UssR)j:”:‘

A cyclotron accelerator operates on the princ1p1e that Only T
guch partlcles reach. the terminal radius which. gyrate between

the ‘duants in phase with the acceleratlng hlgh frequency fen-

sion. The expulsion of the

partlcles from the chamber by -

means -of an: electrostatlc deflector: further narrows the use—'i

ful phase 1nterva1. ‘Hence,'

the partlcles are emitted by the"

cyclOuron once ‘within the- perlod of the: hlgh -frequency ten—~;'

gion.- The’ duratlon of this-

‘ecyclotron ostenslbly only- a
period. The 150 cm-¢ yclotron of the IAE
AS USSR) at a
particle pulses ‘with a duratlon of -3

of Atomic Energy

period being 100 mu. sec ).
pends upon the” synchronl
width is known ‘0 1ncrease

. “Card 1/2 h1gh frequency ten51on and
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few" percent ‘of. the high-frequency
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Wluh 1ncrea91ng amp
1t also depends upon the deflec.;ng
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vqltageg~If;thé}cjélofron:is'tuﬁeafou{ pf;féébhéncé, this = -
width,de¢reasea.:In'cyclotrons used for‘neutrpn work - the beam.

~deviation from
.The intensity of
. remote 13 in most syclotrons of
v mps.fFrom,thiszcan~bé'Seen,that the cyclo- -
tron is'a very convenient”ﬂnaturnlﬂ;pulsed source of .neutrons. -
A number ‘of nethods deal "ith'a reduction' of the pulse

fast neutrons. Such @ neutron source is particularly suited
for the,spéctrometry'qf:kilovolt'néUtronsfby”meansjof time~ -
of -£1ight methods;fThere‘are'6'figUres,f : ST e

. Card 2/2
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~ PERIODICAL:

-signals which are synchronized with the neutron pulses. The

" have a duration of 20'mmsec if the pulses of the incident par-

- v,‘sov/_, 89_5'_-5‘6_-6:-1 9/33 -

A

§ 3. The Determination of ‘the "Time Marks" (§ 3. Polucheniye -
"me tok vremenl") RS S wr T i o -

Atomnﬁya eneigiy§;~1958;‘S@ﬁﬁlément;5Nri§;app 9Qf§2{(ﬁSSR)<'

In théyfiight;timé‘énéiYEié of:néhtroné it is necéSSéfy'tof

have "time marks" that is to ‘say, eléctrical'("control") o
most direct method of determining the ntime marks" is to make
use,of»thé,energy.pulsesfwhich'are\produced on the target when -~
it'isfstruck.by,incidentvparticles; This method is of interest
in particular with a cyclotron because:by this means it is pos-
sible to eliminate its phase instability. However, it is only.:
with great difficulties that this method can be realized in

practice and ‘it is 'therefore only rarely used. A figure shows -
the circuits used by R. Grismore and W. C. Parkinson (Ref 22)
for the production of pulses with a target of the cyclotron-of ,
Michigan University. The acceleratedfparticles’were_completely‘]ﬁfﬁ
'absorbéd'by~a‘1ead'plate.ﬁThé pulses derived from the target ' :
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ticles have a duratlon of AJ4 m; séc, If the beam has a nediun ﬂ;ﬁ
‘intensity the pulse amplitude is ~10 mv. Previous to’ being S
; transmitted to the chronotron the pulses must be amplified by a
broad-band amplifler. A great dlsadvantage of such & system is -~
that the pulse amplitude depends upon the beam intensity.
Moreover, ‘with such a system stringent limitations are placed -
upon’ the ‘design of the target which in some cases are in-
compatible with the’ experlmental requirements. If the target of
the accelerator is used as.a source of monochromatic neutrons =
in the’ study of ‘secondary processes these errors-are ‘less in- -
fluential. Another method of.producing a control pulse is found-
in the recordlng ‘of ‘a part of the accelerated partlcles by :-a
fast 301ntlllat10n counter which has been placed near the targetf3
'Sometlmes it is possible to: obtain a sclntlllatlon ‘pulse ' :
directly. from a gaseous. target A productlon of control pulses
'by means: of a ‘seintillation counter recordlng the primary
particles ‘leads: to great difficulties in the time analysis as
such a counter: does not produce standard pulses. The amplitude .
of such pulses-is: strongly dependent upon the beam intensity.
The practically most convenient method of -producing control
pulses'forfthgﬁdetermination,of the "time marks" is the instal-
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'latlon of an’ 1nterruptor which effects the modu‘at1on of the
beam. Thxs greatly simplifies the control. pulse generation as -
by this means the dependence of their: position and amplitude - -
upon ‘the beam intensity is completely eliminated.  For a ' .
cyclotron ‘there arise still some. difficulties because the phase -
of particle ‘emission depends upon the synchronization of the L
eyclotron. The uncontrollable variation of ‘the operational datu'
of the cyclotron may.lead to a considerable distortlon of '
results.:When a tentative measurement was carried out with -the -~
cyclotron of the IAE (Institute of Atomic Energy) it was found -
that the" positlon of the. Y-peak varied by *10 md&sec 1f the K
varlation of the operational data of :the cyclotron: 'did result

~in a- varlatlon of the beam intensity by factor not exceeding 10.i>

There: is 1 flgure.

APPROVED FOR RELEASE: 07/19/2001

” sov/a9s 58 6 19/33

CIA-RDP86-00513R001446330003-7"



G MR SRR TSRS 1 e s e

"APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7
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_TITLE: o Chapter VI (Glava VI) The Heutron Detector (Detektor neytronov)5;'

’ ,'PERIODICAL: 'Atomnaya energlya, 1958 Supplemont Nr 6, p 94 (USSR)

,ABSTRACT. In time of- flxght spectrometers it is *ustomary to use’ an .

’ organic scintillation counter for the ‘neutron detection 'hlch o
records the neutrons by their recoil ‘protons. In case of special -
problems gaseous scintillators may also be used. General in- - o
formation on“scintillation counters may be found in numerous
handbooks and manuals (Refs 1-7). This chapter deals with the
most 1mportant design data of the counter - the efflclency of
neutrod recording and the resolution time. There are 55 ref- :

~erences, 26 of whlch are Soviet.,’«' B S L e
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A scintiliatibnfcqnhiérfrécdfdiﬁgnhé

'nucleifsas‘iithjangio

" absolute neutron flux measure

- cera 1/3

1;3The‘Effi§iendy76f é‘COuhfer‘Withfa
(§ 1;,Effektivnbst'jsqpetchika;d’o:ganicheskim”s
N 6, pp 94-110 (USSR)

n Organic Scintillator
' tsintillyatorom);;
Atomnaya energiya, 1958, Supplement, .
utrons-byztheir1recoil._'_ S
differ principally from en ionization chamber -
Itfpermits*to,investigatexaimple':,{
hé'integral:method“of‘recoil SRS
_ nization chamber, ‘and also to make absolute .
measurements of.mono-énergetid neutron fluxes. The high effi- DR
ciency ‘of xhe'acintillétion}counter and the possibility of - _

rements are made use of in a time- S
of-flight‘spectrometer, where,the:spectrometerAmay be considered
as gjdetector‘of'mono-energetic_neutfone.'If an arbitrary neutron -
spectrum is consideréd,'which’iS'usually”aCCOmpanied by 8 o e
y—radiation'background a given channelfof;aimultichannel time
analyzer (or a'single-channel analyzer) selects'only-such )
neutron*pulses‘from the totality of counter pulses, the -energy
of ‘which has‘been‘determined by their time of flight. For the .~

protons, does not:
filled.yith3gaseousfhydrogen;
neutron spectra by means of -t

CIA-RDP86-00513R001446330003-7"
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§ 1. The Efficiency of a Counter With an Organic Scimtillator . .
efficiencj'6fith§véouhtér:wifh:téeﬁééf tdﬁnéuifonB wi£h‘£he'»
holds € = nho (1 - (B/E)). In this formula n .

energy E there | ; ‘
denotesfthewnumber;of_hydrogen]atomsvper_unit volume of the
ator (which is

sCintillator,‘h'the~thickness of “the sointill
assumed amall,ﬁsvcompared with theimean,free‘path)_and ¢ the
totalgcross séction»for the'(n,p) gcattering.vlf'the threshold -
of the counter (measured in terms of the neutron energy) is .
known, the above given formula specifies'the.efficiency versus :
energy function of. this counter and the absolute value of -the S
efficiency;fln'a,diagram:thefintegral’and:the differential =
spectrum of a'acintillation'counter with a ‘stilbene crystal.
which*havefbeenftakenrwithsa’neutrdn_energy of 9 Mev are shown. .
Thé'shape“of[these'spectraiagrees extremely well with the shape =~
of the ‘energy distribution,"of the recoil protons.-The blurring i
at the upper“edge'ofrthe'spectrum~is caused by the finite . fr
resolVing'ﬁOwer’of;theféountér (with respect to the amplitade)
and the increase inytheﬁvicinity of]the'origin'is painly due to .-
the non-linear dependence of the light yield of the scintillator :
R o upon the prdtonfenergy;ifinally?several secondary effects are = ¢
card 2/3 vinveStigated-whichvmayimodify the efficiency of .the counter:
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R Lo . ... ... 80v/895-58-6-21/33
.« § 1. The Efficiency of ‘a Counter With an Organic Seintilltor = .. .. .
" Interaction of the neutrons with the carbon nuclei, ‘attenuation
of the neutron flux in the scintillator, edge effects, multiple ~
n,p).scattering, anisotropic -(n,p) scattering. Under certain
conditions1(thichfare'uaually;satisfied) the formula ™ .. = %
€ = nh® (1~ (B/E)) is accurate with an error not exceeding 10%.
~ The energy dependence ‘of . the feff»icien,cy b'compu'terd_v- by the revvised_;f
‘formula g'a G.—L ('1'(_":_9"’1,?1(6',1*' 6‘C))and. its absolute value =
agree.extremelyfiéll1with’experiﬁentalgdata.:InVthis formnla,,_f 
6, denotes the cross section of the mnon-elastic interaction of = -

‘; neutrons.with carbon atoms. There are 8 figures ‘and 2 tables.
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'Anmnoas. ~_ Rybakov, B. v., Sidorov, v, A
: S - B ~ . -
“E ITLE § 2. The Reaolv1ng Time (§ 2 Razreshayushcheye vremya)

;.rr:‘g:omc;x.: " atomnsye energlya, 1958, Supplement,, r 6 pp 110 115 (USSR)

ABSTRACT:: ‘In order to simpllfy the considerations the authors limit them-?g-
R o selves to the ‘discussion ‘of :a scintillat1on counter which:is B
based upon a ‘time-of-flight. spectrometer. An idealized’ picture

“is ‘drawn in order to ‘elucidate ‘which requirements must be.
satisfied by a nfast" Bcintllletlon counter. The number of -
photoelectrons contalned in the .pulse is considered .to be 80 o
large as to. tify the neglect of all statistical effects. .
The anode of the ‘linear multiplier “is connected with the input o
of a- trigger. ‘The pulses reaching “the anode of --the mu1t1p11°r '
,shall dxffer only with respect to their amplltude V ’ heir

shape being ‘described by the curve f(t) (whlch is shovn in a
diagram) The moment when the trigger trips is excluslvely S
determlned by - the p01nt ‘where. ‘the voltage v(t) =V, f(t) at its -

e ‘1nput has rleen to a certaln value V (threshold of the trig-fr
. Card 1/3 : ks S
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-§ 2. ‘The Resolving Time i b ,30v/895-5e-'6-22/55

ger) The authors then 1nvestigate a 1im1ted range ‘of voltage :
rise at the anode of the’ photomultiplier, which corresponds to
the dynamic amplitude range 1 + « (a K 1) The | shape -of “this -~
curve is: determlned by ‘the. following factors: - 1) The excitationk
time of the scintillator: in" the energy range investigated is .
very. small. “2) ‘The light accumulation of the scintillator by the.;
photocathode may, with a high degree of approximation, be e

described by the law e t/hc,'h denoting the linear ‘dimensions

of the ecintillator. If h'< 10 cm the light accumulation time is -
negligible., 3) {The  de- excitation of the majority of organic i
scintillators is described fairly well by an exponential law. .=
4) The. inaccuracies of the time of flight of ‘the photoelectrons_f
to the first dynode. in general prov1de the main proportion of
the resolution time of the scintillation counter which containa -
a photomultiplier with a large photocathode. 5) If the number of-
neutrons is multipliead- (the ‘basic characteristics of ‘a multi- 7
plier system) the . blurring cf the pulse takes a ‘shape suf-
ficiently well approximating & Gaussian curve. The superposi- .
tion of these ‘factors determines ‘the shape of the anodic. cur-. ;;
rent pulse of the photomultiplier. If coincidence 01rcu1ts are’ -

APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7"
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- cumulation onthe photocathode 18 negli

~scintillgtdi.32) Aghigh'aécﬁhulatiénfcoefficient of -photons on i

4) A'lowﬁeffective’th;eshold;value‘of_the,time enalyzer. There .

used which incorporate germaniunm diddes*an.amplificatioh'facto:_
of ~108 is mostly sufficient. The>éuth6rs:thén‘ihvestigate the
statistical;limitations_ofﬁthejreaolutioq_time.of~théﬂscintillaff
tor. The folloiingjaasumptidna_aré'made;:1)xThé'time'required '
for the excitation of the scintillator and for the light ac-
( ] gibly small. 2) The ,
photomultiplier_cauaesvno_time’deviationstfj) The input trig- - -
ger‘bf'thejtime_analyZer,trips at that moment, at which a cer- |
‘tain number of pulses (coming from the individual photoelec-
trons) have been accumulated»atjits‘input,lIf aiconsiderable

of the scintillation counter is desired, the following require- -
ments:mugtfbelsatisfigd;'1)ﬂT§e ratiq;(EﬁT;) must be large, P
denoting the 1light yiéidfand'¢3fthe de-excitation time of the |
the photocathode. :3) A high sensitivity of the photocathode in ..
the spectral range;of;the,scintillator luminescence and a' R
complete ‘acoumulation of the photoelectrons on the first dynode: :

is'1 figure. .
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TITLE: § 3. The ‘Characteristics of _a,Few:‘Scintillators and Photomulti-

 PERIODICAL: Atomnaya energiya 1958,;sﬁpp1ep§pt,'nr16, pp 115 - 122 (USSR) i

used 'in,n‘eutrc)n‘spectrom'etlry ‘are compiled ‘in a table. The rela-

ABSTRACT:  The moat impoftantapropér£ieé of;the”orgaﬂicvédintili#tbré most

tive pulse amplitudes WeTe measured with & photomultiplier by o

means of small ‘targets,’ the,'photomultiplvie’r having an antimony-

ces,ium'j'photkolca,thodrer ‘and & 1ad-dall,ed,"mean'.'; gpectral character- B
istic. These zeagurements were carried out with.e p-particle . '

 excitation. In & diagram the light yield versus proton energy - -

function for a gtilbenecrys The light yield and .

the luminescence period of th , -

ple differ only little. The preva , _or the other scin-

tillator. proceeds from _the"experimental conditions. The ‘stand-

ard stilbenecrystals have. ‘ a height of 2 om oF

S also ‘a diameter-of 4 cm and a height of 4 cm,. Tolan. crystals

Pt . are available as cylindersfwithiw cm dismeter and 5 cm height.s =

~Card 1/3 3011;L$i'n5 of terphenyl inn_tolue_ne:‘(vhic_ih‘he.vef the highest ind=
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~'§ 3. The Characteristics of a‘Eei‘Scintillatorerand . sov/egs;seeé-zs/aa ;

~ * Photomultipliers TSI R f;"j::,‘«’_f_-gf'iv: o
B : tial‘de-éxcitationfraté among'the’sdintillators'listed) are. g
used only in am§114containérs;ﬂlf a substance is added which -
displaces theﬂamissionfépectrnmﬁoffthe gcintillator towards S
gréater;iaielengths; thé”transparency‘and-theglightfyield are
increased, which permits;the;usé‘of.lgrgéeeized'scintillatc:s, L
The light yield'ofiliquidaSGLntillators ia highly‘dependent upon .-
the purity‘ofjthe;substances used, yhiéh’requirés,their gpecial -
purification and the ‘use Of‘éuitable_containerfmaterials. Large .
containers are often made of aluminum and are polished on -the & -
inaides The’plastic‘materials méntidned;inﬂthe table exhibit a . -
high,transparency7to’natural radiation arnd can be used in large -
sizes.'Reference,is°madeuto more'detailed‘informatibn‘:n,or—'T -

res7)

'atfrecéntvtimes'(1955

ganic scintillators. Only in mo
the technique ofigas,scintill&tors_h&s-been developed in which '
' n of ionizing

the‘lﬁmineacénce'of noble gases under the actio
o particléa'is_utilized.!They have, apart from & relatively slow -
de-excitation component,(Of'theforder-of tens of musec), also

' mpsec), which is due to the luminescence - -

, a~fast'compopentu(16«{1i
s .:rv:_e.ndei"edv dlfflcult

of the ekciféd‘atdms;:Théir,applicafibn i

‘Car§12/3‘ )
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- § 3. The Characteristics of ‘a Few Scintillators and “,SOY/89S+58f6e2§/5},7
~ Photomultipliers ‘ B S TP L e T
by»the)eircumstahcefthat.fheiluminescéncé”épgctrum‘¢fche*noblejf}
gases is in the ultraviolet range. Most}recently,'however,”high-;,
ly effective substances causing a displacement of the spectrum
to thefrangeVof'high‘sensitivity of_thefé@thode,ofgthe‘phqtpé’;@]
nultiplier haveibeen*found;”The:beﬁtVQang them - quaterphenyl - .-
hag a de-excitation time of less than 8 mpsec and can ‘be used -
,also,injfast;countérs.iThé[mostivaluablevproperty of gaseous
séintillatora*is the'fact:thatLtheir'lightfyie1d'Ver9usvenergy- o
function is'pfacticallyAindependent'of,the'apecific“ionization ,

- and hen¢e‘iafequal,for_différent:particles. This feature makes R
gaseOusfscintillators;highly'useful for some applications in - e
the time-of-flight neutron spectrometry. A mixture of Xe and He
enriched in He is also a good scintillator. Another table con- .~
taing - the moat]important'prOperties,df several Soviet photo-
multipliers used in fast counters. These Photomultipliers all
have 8 mercury-cesium photocathode with a maximum sensitivity

near 40002; There are { figure and 2 tables,_fg_

“’?Card 3/3
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TITLE: , Chapter VII (Clava VII). The Time Analyzer (Vremennoy : - - .
S - analizator . s : S0 Sl

-, PERIODICAL Atomnaya. energiya, 195'8‘», ‘_S‘u\'l_')pl‘eme'n‘t, Nr 6, p 123 (USSR)

the range of. millimit;roseconds"havé been developed and described

,"ABéTE:{A'CT: . 'In recent years a *gréét’:nﬁﬁi‘ﬁer of différént‘v,ti'iiné ‘analyzers for

The authors investigate only the mairjl_t_ypes ‘of time analyzers - ..
which cen be used in neutron spectrometry. There are 28 ‘ref- o
erences, ] of which are Soviet. . : T
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